Magnesium hydride, MgH 2 , is a promising candidate for hydrogen carrier in the next generation energy network. Along with abundance of raw material and ease of handling, high hydrogen capacity of MgH 2 is suitable for the H 2 source of fuel cell or hydrogen engine. We have succeeded in producing MgH 2 powder in industrial scale, based on thermodynamic equilibrium technique. To solve the problem of poor kinetics of MgH 2 in hydrogen release, we adopted hydrolysis process, which can attain hydrogen production yield up to 15.2 mass% below 100 deg.C. Application examples of cartridge-type hydrogen reactors to portable power generators and personal vehicles combined with polymer electrolyte fuel cells are presented. The hydrolysis product Mg(OH) 2 can be re-used for other applications, or regenerated to Mg or MgH 2 by plasma process. Finally, a comprehensive recycling system for MgH 2 is proposed.
Introduction
There is a growing concern on hydrogen economy due to the fear of global warming and limited fossil fuel resources [1] . Along with electricity, hydrogen is considered as secondary energy which can complement the deficit of renewable primary energy. In order to utilize hydrogen energy effectively, it is indispensable to develop a carrier in which hydrogen can be safely stored with high density. As the carrier will be used globally, abundance of material and cost are crucial factors. Several types of hydrogen carriers have been proposed such as metal [2] , organic [3] , or inorganic [4] hydrides, and methane [5] .
Magnesium and its alloys have been widely utilized as a lightweight structural material.
But they also possess attractive features as an energy storage material.
In this paper, the use of magnesium hydride MgH 2 as a promising hydrogen carrier for future hydrogen economy is proposed. Finally, a comprehensive recycling system for MgH 2 is proposed.
MgH 2 as Hydrogen Carrier
It is a world-wide consensus that the future energy resource is not fossil fuel but Mg-ion battery [8] and Mg-air battery [9] have been proposed, aiming for post Li-ion batteries.
As for (f), Yabe [7, 10] were successfully synthesized using a hydrogenation furnace shown in Figure 1 .
Here, an industrial process of MgH 2 utilizing thermal equilibrium process co-developed with Akiyama [14, 15] 
Hydrogen Production by Hydrolysis of MgH 2
Mg based hydrogen storage materials have been studied for more than 40 years [16] .
Mg can absorb 7.6wt% of H 2, which is one of the largest capacity among metal hydrides. [19] [20] [21] [22] [23] [24] [25] systems. The common drawback of hydrolysis process compared to conventional physical H 2 generation from metal hydrides is that the reaction is irreversible. As a result, the obtained hydroxide should be reduced to metal or metal hydride by putting external energy, or re-used for other applications.
This issue will be discussed in Section 6.
In case of MgH 2 application, the surface is gradually covered with Mg(OH) 2 film and the reaction is slowed down. The addition of organic acid [19] , foreign metallic particles which works as galvanic cathode to Mg [20] , chlorides [21] or ammonium salts [22] , ball milling with CaH 2 [23] or graphite [24] are actively investigated. We are also trying to improve the hydrogen kinetics by pulverization, addition of acids and ultrasonic radiation [25] . Figure 4 shows the influence of the particle Smaller grain size is effective if operation temperature is low. 
Development of Mag-H2 Reactor and its Application

Development of Mag-H2 Reactor
Mag-H2 reactor is an apparatus for providing H 2 gas on-demand utilizing the hydrolysis of MgH 2 . The process flow for generating electricity combined with FC is shown in Figure 5 . Table 2 : Effect of temperature and ultrasonic wave radiation on HPY. 
Application Examples
In collaboration with several industrial partners and universities, following products are under development.
Educational kit
The education about low-carbon society based on hydrogen and FC technologies is important.
There are growing needs of experiment demonstration on hydrogen driven FC at schools. Figure 7 shows a prototype of such system.
Portable power supply (Emergency power
supply)
The utilization of portable power supply for outdoors, at rural/remote/mountainous regions or emergency battery at disaster is getting popular. MgH 2 fuel can be stored for a long period and the cartridge system is particularly convenient for on-demand use. Figure 8 shows a prototype of portable power supply.
Blow cleaner, lawn mower
As these apparatus are often used in urban areas, the noise, vibration, and exhaust gas during their operation may cause problems.
A prototype developed with a partner showed in Figure 9 . 2 In the proposed system, MgH 2 is transformed to Mg(OH) 2 by hydrolysis reaction.
It will not be eco-friendly nor practical system without re-using/recycling them. We are also aggressively engaged in the research about re-using/recycling Mg(OH) 2 or MgO.
Cascade recycle of MgO/Mg(OH) 2
MgO is widely used as a chemical agent, of which the world consumption is in tens of megatons [6] . Main applications are;
-Additives for mortar in construction,
-Mild neutralizing agent in medicine, -Heat resistant bricks, -Additives for plastics.
Hydration-dehydration reaction of MgO and Mg(OH) 2 are reversible, which can be applied as a heat-pump operated around 300 deg.C [27] . In addition, MgO and Mg(OH) 2 react with CO 2 to carbonates, which are expected to work as fixing agents for greenhouse CO 2 gas [28] . As the reaction is exothermic, the heat can be used for other applications. Finally, a comprehensive recycling system of MgH 2 is proposed, which is shown in Figure   13 . Among them, following three issues are considered as main tasks to be accomplished; - 
Regeneration to Mg/MgH
